T he endoscopic endonasal transsphenoidal approach to the pituitary gland is gaining popularity as an alternative to traditional microscope-assisted techniques. Although still a matter of debate, the endoscopic approach appears to be superior to the microscopic technique with regard to extent of resection, specifically for macroadenomas, 5, 12, 18 and also offers benefits for nasal function and morbidity. 5, 20, 21 Increased rates of resection can be explained by the improved visualization offered by the endoscope, which is advanced into the nasal cavity to provide a wide panoramic view and a lateral view through the use of straight and angled scopes. Morbidity is theoretically decreased by preserving nasal mucosa, opening the sinuses to permit drainage, avoiding superficial mucosal incisions, and eliminating use of the retractor. 5, 18, 20, 21 However, controversy remains regarding sinonasal morbidity abbreviatioNs ASBQ = Anterior Skull Base Questionnaire; GH = growth hormone; GTR = gross-total resection; IGF-1 = insulin-like growth factor-1; QOL = quality of life; SNOT-22 = 22-Item Sino-Nasal Outcome Test; STR = subtotal resection. submitted March 13, 2014. accepted November 12, 2014. iNclude wheN citiNg Published online June 5, 2015; DOI: 10.3171/2014.11.JNS14559. disclosure The authors report no conflict of interest concerning the material or methods used in this study or the findings specified in this paper. Dr. Schwartz has stock options in Visionsense. . This study aims to assess the effect of endoscopic pituitary adenoma resection on site-specific and sinonasal-related QOL before and after endoscopic surgery using validated instruments. methods Consecutive adult patients undergoing endoscopic endonasal resection of pituitary adenoma were prospectively enrolled from a single tertiary care center. All patients completed the Anterior Skull Base Questionnaire (ASBQ) and the 22-Item Sino-Nasal Outcome Test (SNOT-22) preoperatively and then at regular intervals after surgery to assess their perceived QOL with regard to hormonal, surgical, and anatomical factors. results Eighty-one of 114 patients were eligible for study; median follow-up was 16 months. This cohort included 24 (29.6%) nonsecreting macroadenomas and 57 (70.4%) hypersecreting tumors. There was significant improvement in the mean ASBQ score at 12 weeks, 6 months, and 1 year after surgery (p < 0.05), while postoperative SNOT-22 scores, at the same time points, showed no significant difference from preoperative scores. Both ASBQ and SNOT-22 scores showed transient worsening at 3 weeks postoperatively. Subtotal resection correlated with worse QOL, both overall and among patients with hypersecreting tumors (p < 0.05). Extrasellar tumor extension, intraoperative CSF leakage, and a reconstruction technique during surgery did not impact postoperative QOL. Visual disturbances did not significantly alter QOL. There were no postoperative CSF leaks in this series. coNclusioNs Endoscopic resection of pituitary adenoma is associated with long-term improvements in site-specific QOL and stability in sinonasal QOL when assessed pre- and postoperatively with validated instruments. Subtotal resection was the only factor that negatively impacted postoperative QOL. Therefore, gross-total resection should be attempted for all patients to optimize QOL after surgery.
of the endonasal approach and its impact on quality of life (QOL). In particular, concerns exist over the recent use of nasoseptal flaps to close large skull base defects; these flaps are sometimes used after removal of large pituitary adenomas. Likewise, based on the presumption that surgery is invasive and risky, surgical interventions for benign, slowly evolving pathology should be well tolerated by patients since competing nonsurgical therapies such as radiation or medical therapy may be used. 11, 13 Despite the widespread use of surgery to manage pituitary adenomas, the effect on QOL has been incompletely studied. Quality of life is a patient-reported measure that aims to describe a patient's perception of well-being while eliminating observer bias. Recent interest in outcomes research has highlighted the importance of patient perception in determining the success of a surgical intervention, particularly when the disease is nonmalignant. A surgeon's impression of a patient's well-being following skull base surgery has been shown to be inaccurate, 8 which demonstrates the need for validated, patient-reported assessments of QOL.
Instruments that measure QOL can either be generalized or be disease-or site-specific and are typically multidimensional. A limited number of studies have sought to examine the effect of endoscopic endonasal pituitary adenoma surgery on sinonasal morbidity, 10, 30 but these studies have not employed instruments specific to the skull base. Other recent studies have relied on generalized QOL measures, 16 ,29 nonvalidated instruments, 19 or unpaired postoperative data. 6, 26 The primary objective of this study was to determine the effect of endoscopic surgery on patient-reported QOL using validated instruments administered both pre-and postoperatively. Although prior reports have assessed QOL after endoscopic surgery, few studies have directly compared data obtained before and after the intervention. Secondary objectives included determining the effect of endoscopic surgery on sinonasal morbidity, the impact of tumor extension on QOL, and the relationships between visual and endocrine dysfunction and QOL.
methods
Consecutive patients who were preparing to undergo endoscopic resection of pituitary adenoma were prospectively enrolled between July 2010 and July 2013 from the outpatient offices of a single tertiary care center. All included patients were adults over 18 years of age. Patients undergoing concurrent craniotomy were excluded, as were emergent cases and those that did not have a complete preoperative assessment. Study approval was obtained from the institutional review board of the Weill Cornell Medical College.
All patients underwent a complete preoperative outpatient evaluation. A complete history taking and physical examination were performed independently by a neurosurgeon and a rhinologic surgeon. Video-assisted nasal endoscopy was performed to identify the presence of an anatomical nasal obstruction or active sinusitis and to rule out intranasal tumor extension. MRI of the brain with gadolinium was performed to assess tumor size using volumetrics, to identify tumor extension, and to assist in planning the surgical approach. Patients with lesions involving the optic chiasm or optic tract were referred for neuroophthalmological evaluation and visual field testing.
To assess for endocrine derangements, all patients underwent pre-and postoperative endocrinological evaluation of free cortisol, adrenocorticotropic hormone, free thyroxine, thyroid-stimulating hormone, prolactin, growth hormone (GH), insulin-like growth factor-1 (IGF-1), testosterone, estradiol, luteinizing hormone, and folliclestimulating hormone. The diagnosis of a prolactinoma was made when serum prolactin levels were > 150 ng/ml combined with typical clinical symptoms. In patients with prolactinoma, endocrinological remission was defined as postoperative prolactin levels < 20 ng/ml in females or < 15 ng/ml in males. The diagnosis of Cushing disease was based on either abnormal 24-hour urinary free cortisol or abnormal results on low-dose dexamethasone suppression tests, defined as the failure of 1 mg of dexamethasone to reduce plasma cortisol levels to < 1.8 mg/ml by the next morning. Endocrinological remission of Cushing disease was defined as an early morning cortisol measurement < 1.8 mg/ml or normalization of the 24-hour urinary free cortisol. The diagnosis of acromegaly was based on abnormal basal fasting levels of GH and IGF-1. Biochemical remission of acromegaly was defined as having a normal IGF-1 level combined with a glucose-suppressed GH level ≤ 0.4 ng/ml or, alternatively, combined with a basal GH level ≤ 1 ng/ml. The IGF-1 level was always evaluated according to age-adjusted diagrams. Visual dysfunction was determined by neuro-ophthalmological evaluation and included findings of hemianopia or another visual field cut, optic nerve dysfunction, or diplopia due to cranial nerve involvement.
Surgery was performed in accordance with endoscopic operative approaches previously described in the literature. 25 A multidisciplinary approach between the neurosurgeon and the rhinologic surgeon was used in all cases. All patients underwent repeat MRI of the brain with a navigation protocol to assist with intraoperative localization. Lumbar puncture or lumbar drain placement was performed at the start of each procedure. Lumbar drains were used in patients with tumors > 2.5 cm in diameter and with > 1 cm of suprasellar extension. At the start of each procedure, intrathecal fluorescein was injected to localize potential intraoperative leaks of CSF. 28 Perioperative antibiotics consisted of cefazolin for nonallergic patients. 3 Rigid straight and angled endoscopes with video-capture capability were used for the entire procedure. Partial inferior turbinectomy and posterior septectomy were performed in all patients to provide improved access for the surgical instrumentation. Following tumor resection, a multilayer reconstruction of the skull base defect was performed in all cases, which may have included a rigid Medpor prosthesis (Stryker), autologous fat, DuraSeal (Covidien), or vascularized flaps for larger tumors. 15, 22 The nasal cavity was filled with Floseal, and a folded Telfa sponge was placed in each nostril to minimize postoperative epistaxis. Postoperative MRI was performed within 24-48 hours after surgery to assess the degree of tumor resection using volumetric measurements and was assessed by a neuroradiologist.
Two validated QOL measures were used in this study: the Anterior Skull Base Questionnaire (ASBQ) and the 22-Item Sino-Nasal Outcome Test (SNOT-22). Both questionnaires were completed by each patient prior to the preoperative evaluation. Postoperative visits occurred at 3 weeks, 6 weeks, 12 weeks, 6 months, and 1 year following surgery. Each patient was again asked to complete both the ASBQ and the SNOT-22 at each postoperative visit. After completing the surveys, endoscopic examination and intranasal debridement were performed at each visit. At every stage of data collection, survey results were entered into a database by a third party, and the results were unknown to both the neurosurgeon and the rhinologic surgeon.
The ASBQ is a disease-specific QOL instrument that has been validated for use in patients undergoing anterior skull base surgery. 7, 9 The ASBQ contains 35 items divided into 6 separate QOL domains: performance, physical function, vitality, pain, influence on emotion, and specific symptoms. Responses are recorded on a 5-item Likert scale, with scores ranging from 1 to 5 for each item. Mean subscores are calculated for each domain as well as for the total instrument. Overall score is reported as a mean item score ranging from 1.0 to 5.0, with a higher score indicating a better QOL. While the validation cohort was treated exclusively via open, nonendoscopic surgical approaches, the ASBQ has recently been validated for endoscopic approaches as well. 4 Multiple studies have demonstrated the validity of the ASBQ for anterior skull base surgery and the association of ASBQ scores with outcomes and other factors including pathology, approach, age, and degree of resection.
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The SNOT-22 is a disease-specific instrument designed to assess QOL related to benign sinonasal disease. Although it has not been validated in the setting of pituitary surgery, it was selected for its value in assessing the morbidity that accompanies endoscopic endonasal surgery. It is adapted from prior disease-specific QOL instruments that have been extensively validated in the otolaryngology literature. 14, 23, 24 Responses are recorded on a 6-item Likert scale, with scores ranging from 0 to 5 for each item. Values are reported as the mean. Total SNOT-22 scores range from 0 to 110, with a higher score indicating a worse QOL.
The primary outcome measure of this study was the change in ASBQ scores between the preoperative and postoperative visits. Because the clinically significant change score for the ASBQ has not been determined, we used the expected change in the SNOT-22 score for sample-size calculation. Hopkins et al. reported a mean (standard deviation) postoperative change score of 16.2 (20.0) in 2077 patients undergoing endoscopic sinus surgery.
14 Dividing this change score by the total number of 22 questions yields a mean item score of 0.74, which is of the same magnitude as the scores reported for the ASBQ. Therefore, given a true difference between pre-and postoperative scores of 0.74 with a standard deviation of 0.91, a total of 15 cases would be needed to detect a treatment difference using a paired t-test at a 2-sided alpha level of 0.05 and a power of 80%.
Statistical analysis was performed using SPSS version 19.0 (SPSS Inc.). Each case served as its own historical control. Mean preoperative and postoperative scores were compared using the paired t-test. An unpaired t-test was used in univariate analyses. All p values were 2-sided with statistical significance evaluated at the 0.05 alpha level. Ninety-five percent confidence intervals were constructed to assess the precision of the obtained estimates.
results
Eighty-one patients met the criteria for study enrollment. Forty-five (55.6%) were female and 36 (44.4%) were male, with a mean (SD) age of 53.1 (16.9) years. Median follow-up was 16 months with a range of 7-43 months.
Tumor characteristics are given in Table 1 . Sixty-two (76.5%) tumors were macroadenomas and 19 (23.4%) were microadenomas. Endocrine hypersecretion was present in 57 (70.4%) tumors, and visual impairment was present in 39 (48.1%) patients. Cavernous sinus invasion was present in 19 (23.5%) patients and suprasellar extension was present in 34 (42.0%). Prior attempts at pituitary resection had been made in 10 (12.3%) patients.
Surgical characteristics are given in Table 2 . All cases used the endoscopic transsphenoidal corridor. Gross-total resection (GTR) was achieved in 66 (81.5%) cases, including 23 (95.8%) of the non-hormone-producing tumors. Lumbar drains were placed intraoperatively in 29 (35.8%) patients. Multilayer reconstruction of the surgical defect was used in all cases, including autologous fat or fascia lata grafting in 33 (40.7%) and a vascularized nasoseptal flap in 47 (58.0%). Major postoperative complications such as CSF leakage and meningitis were not encountered in this series.
Paired analysis of overall ASBQ scores at 3 weeks postoperatively indicated decreased QOL compared with preoperative scores (Fig. 1) . At 6 weeks after surgery, there was no difference between preoperative and postoperative scores. A significant improvement in overall ASBQ scores was present at 12 weeks, 6 months, and 1 year following surgery (p < 0.05).
Independent analysis of the ASBQ components revealed significant improvements in QOL in 5 of 6 individual domains (Fig. 2) . The domains of performance, physical function, and vitality showed significant improvement beginning at 12 weeks postoperatively, while pain and emotional impact showed significant improvement beginning 6 weeks after surgery. Only the specific symptoms domain showed transient worsening at 3 weeks postoperatively, but by 6 months after surgery these scores had improved to above preoperative values. This latter trend mirrored the effect on sinonasal-related QOL as assessed by the SNOT-22, whose scores worsened at 3 weeks after surgery with subsequent improvement to preoperative levels (Fig. 3) . Univariate analysis was performed on ASBQ score trends (Fig. 4) . Improved postoperative QOL was observed beginning 12 weeks postoperatively for patients who underwent GTR compared with those who had subtotal resection (STR) (p < 0.05). The presence of suprasellar extension or cavernous sinus invasion was not associated with worse postoperative QOL. Similarly, the occurrence of an intraoperative CSF leak or the type of reconstruction were not associated with differences in QOL at any time point. 
discussion
As endoscopic and other minimal-access surgery continues to gain popularity in clinical practice, surgeons are faced with the challenge of defining the benefit of their new techniques with regard to patient-related outcomes. Pituitary adenomas are one of the most common benign tumors treated by neurosurgeons, and the recent paradigm shift from microscopic to endoscopic surgery is still evolving. Meta-analyses have suggested that operative time is comparable between the 2 approaches and that endoscopic surgery may be associated with shorter hospitalizations and fewer complications.
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The principal finding of this current prospective study is that endoscopic surgery is associated with improved site-specific (skull base) QOL up to 1 year following surgery. This finding suggests that minimal-access surgery for this common pathology not only maintains QOL but can improve it compared with preoperative levels. This effect on QOL is consistent with findings in a previous prospective study that examined QOL after endoscopic skull base surgery for a heterogeneous group of pathologies. This previous study showed improved site-specific QOL beginning 12 weeks after surgery for a variety of skull base pathologies. 21 Factors that underlie this finding may include the relief of postoperative anxiety and the benign nature of pituitary tumors, which are generally associated with minimal postoperative neurological deficits and overall improvement in preoperative symptoms.
Analysis of individual domains provides additional information about the effects of endoscopic surgery. Five of the 6 ASBQ domains demonstrated early significant improvements after surgery compared with preoperative values. The emotional impact domain showed a favorable trend as early as 6 weeks postoperatively, which may reflect the relief of preoperative anxiety. The patient's perception of pain domain also improved beginning at 6 weeks. Since pituitary adenoma is not typically associated with pain, this finding likely reflects the resolution of perioperative discomfort. The performance, physical function, and vitality domains showed postoperative improvement at 12 weeks. Each of these domains includes aspects of well-being that reflect a favorable recovery time and low rate of complications. The last domain, which assesses the effect on specific symptoms, showed a transient worsening at 3 weeks postoperatively. This finding reflects the expected presence of intranasal edema, crusting, and hyposmia that accompanies endonasal surgery in the early postoperative period. That this domain returned to baseline at 6 weeks and ultimately showed improvement at 6 months supports the resolution of these physical effects. This latter trend is supported by the postoperative changes observed in SNOT-22 scores, which provide a detailed assessment of sinonasal QOL and indicate a transient worsening of QOL followed by a return to baseline in the nearterm postoperative period. GTR was achieved with endoscopic surgery in the majority of patients in this series, which was associated with a better postoperative QOL than that in patients who had STR. This may reflect a favorable sense of well-being by the patient who considers the surgery to be a success. In addition, patients with STR may be preparing to undergo radiotherapy or additional surgery, which may contribute to a worse QOL. Among hypersecreting tumors in this study, GTR was associated with improved postoperative QOL, which supports the importance of the goal of complete resection in such cases. Similar analysis of nonsecreting tumors was not possible because nearly all were gross-totally removed. These data indicate the importance of pursuing a GTR to increase a patient's postoperative QOL. Endoscopic surgery provides improved visualization, and expanded endoscopic skull base techniques improve exposure and the possibility of achieving a more complete resection, without increasing morbidity as reflected in QOL outcome.
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Tumor involvement of the suprasellar cistern and cavernous sinus were present in over 42% and 23.5% of cases, respectively, in this series. Neither factor was associated with worse preoperative QOL nor with deterioration of postoperative QOL as compared with cases where the tumor was confined to the sella. This important finding supports the feasibility and suitability of endoscopic techniques for resection of tumors with extrasellar extension. Using the endoscopic technique for removal of these tu- mors may also avoid the decreased QOL that may result from traditional surgical approaches. Previous research has validated the use of the ASBQ to assess endoscopic surgical outcomes, with 75% of cases reporting improvement or no change in overall QOL. 4 Reconstruction of the postoperative skull base defect is an important consideration in all cases regardless of surgical approach. Achieving low rates of postoperative CSF leak following endoscopic surgery has been well demonstrated with more recent publications in the literature. 27 Results of the current study support previous findings that site-specific QOL is not impacted by the type of reconstruction, including the use of a vascularized nasoseptal flap. 20 Other studies have reported transient impairment of mucociliary clearance time and subjective olfaction after nasoseptal flap reconstruction, although the clinical significance of those findings is not clear and similar impairment has been reported after pituitary surgery without flap reconstruction. 1, 2 Similarly, the presence of a donor site for harvesting autologous graft material is not associated with worse postoperative QOL. Taken together, these findings illustrate that skull base reconstruction considerations should not prevent surgeons from applying the endoscopic approach for pituitary resection and that harvesting and using a nasoseptal flap in large tumors, where a significant CSF leak is expected, is a well-tolerated procedure.
Several limitations of this study bear mention. Smaller sample sizes were obtained for later time points, which primarily reflect ongoing data collection. However, the sample size at each point was adequately powered to detect a true difference between paired preoperative and postoperative scores. The absence of a control group leads to the risk of observation bias and performance bias. Recruitment of patients from a single center raises the potential for selection bias. Data on certain potential confounding factors such as socioeconomic status and educational level were not collected and therefore were not controlled for in this analysis. Sinonasal morbidity, as reflected by the SNOT-22 and the specific symptoms domains, may have been adversely affected by the inclusion of partial inferior turbinectomy in all cases. Omission of this procedure may manifest as additional gains in sinonasal and overall QOL. Most importantly, the present study represents outcomes research that can identify clinical associations but cannot exclude the possibility of confounding factors. This methodology is acceptable given the logistical and ethical limitations of experimental research on surgical interventions. Nonetheless, direct comparison of endoscopic with open approaches using validated QOL measures will be necessary to ultimately determine the superiority of one approach over the other with respect to this outcome parameter. 
